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RESEARCH MEMORANDUM

AFRODYNAMIC CHARACTERISTICS OF A 68.4° DELTA WING AT
MACH NUMBERS OF 1.6 AND 1.9 OVER A
WIDE REYNOLDS NUMBER RANGE

By John E. Hateh, Jr., and Jemes J. Gallagher
SUMMARY

The results of an experimental investigation to determine the effects
of Reynolds number on the serodynemic characteristics of a 68.4° delta
wing at Mach numbers of 1.6 and 1.9 are presented. The wing streamwise
airfoll sectlons are based on the NACA OO-gseries wlth the maximum thlckness
varying from 4 percent at the root section to 6.24 percent at the 90-percent
semispan station. At a Mach number of 1.90 force and pressure data were

obtained over an angle-of-attack range of 16° at Reynolds mumbers of 7.2 X 106,
12.6 x 106, and 18.4 x 105, Pressure data were also obtained at Mach mum-

bers of 1.93 and 1.62 at Reynolds mumbers of 2.2 X 10 and Tl % 106 up to
en angle of attack of 10°.

At Mach number 1.90 the force data indicated that Reynolds number
had no significant effects on the measured 1ift and pitching moment. As

the Reynolds number increased from 7.2 X 105 to 18.4 x 106 , however, the
minimum drag coefficient of the wing (largely turbulent boundery layer)
decreased approximately 8 percent.. For the same Reynolds number range
there was no change in the smount of leading-edge suction developed by
the wing which was approximately 15 percent of the theoretical value.

At g glven angle of attack the pressure data obtalned at Mach numbers
of 1.9 and 1.62 showed that an increase in Reynolds mumber affected the
megnitude and distribution of chordwise loading but had little effect on
the spanwise loading.

At both test Mach numbers the shape of the spanwise loading curve
verled fram elliptical at the low angles of attack to more nearly tri-

angular et the higher angles.
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INTRODUCTION

The effects of a large change in Reynolds number on the aerodynamic
cheracteristics of a 68.4° delta wing at a Mach number of 2.41 have been
reported in reference 1. The greatest effect of an increase in Reynolds

number from 1.04 X 108 to 18.3 x 10° was to vary the pressure distribu-
tion over the wing upper surface at angle of attack. It was shown that
an increase in Reynolds number deleyed to a higher angle of attack the
formation of a separated reglion near the wing leading edge. This reglon
terminated in a shock wave lyling epproximately on a ray through the wing
apex.

The purpose of the present paper 1s to provide further informastion
on the effects of Reynolds mumber on the aerodynamic characteristics of
the wing of reference 1 as well asg to provide load distributions for the
wing at Mach numbers of 1.6 and 1.9.

Flow-direction surveys on the wing upper surface were made in order
to provide additional information on the flow phenomens over the wing.

SYMBOLS
Free-gtream conditions:
M Mach number
q, dynamic pressure
Po static pressure
R Reynolds number, based on wing mean aerodynamic chord
Wing geometry:
A aspect ratio
b span.
C tangent of apex angle
c wing chord, measured in direction of flight
c mean eerodynamic chord
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X

y

average chord

wing area

thickness

angle of attack, deg

coordinate along free-stresm direction

spanwise coordinate

Pressure‘data:

p

Cp

&
A

cnc

Cav

14

Force data:

Cy,

local static pressure

P - D,
G

pressure coefficient,

lifting-surface pressure coefficient per degree

angle of attack, Pp = Py
7.

cC -
span-loading coefficient, \/p —BLE——EEE de
0 av

local flow angle

wing-11ift coefficient, lﬁigﬁ

wing-drag coefflclent, Dreg

a,S
wing pltching-moment coefficient about wing centroid
Pitching moment

qoSE

of area,

Chord force
a3

chord-force coefficient,
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% lift-drag ratio
cr2
Fg theoretical suction force coefficient, ,EI{— J1 - %
p = (M- 1
Gy incremental drag coefficient due to 1ift, Cp - Cp
min
Subscripts:
u conditions on wing upper surface
A conditions on wing lower surface
r value at root section
max maximum value
min minimum velue

APPARATUS

Blowdown Jjet.- The high Reynolds number tests at M = 1.90 were
conducted in one of the 9-inch blowdown jets of the Gas Dynamics Branch
at the Langley Laboratory. The jet was so designed that the semispan
models could be mounted with or without a boundary-layer scoop (fig. 1).
The test section was 9 inches wide and 6 inches high when the scoop was
used and 9 inches wide and 6.75 inches high when the scoop was removed.

Tunnel.- The low Reynolds number tests at M = 1.62 and M = 1.93
were conducted in the Langley 9-inch supersonic tunnel. This tunnel is
a8 single-return, direct-drive type in which the pressure, temperature,
and humidity of the enclosed air can be controlled. The semispan-wing
models were mounted directly to the tunnel sidewall with no tunnel

boundary-layer scoop.

Models.- The semispan-wing models having an aspect ratio of 1.57
vere constructed from steel. Streamwise alrfoil sections are based on the
NACA OO-thickness serles which has its maximum thickness at 30 percent
of the chord. Leading-edge radil were modified to average about 0.4 per-
cent of the local chord. The measured wing maximm thickness varled from

| S
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i percent at the root to 6.24 percent at the 90-percent semispan station
as shown in figure 2(a). A sketch of the wing showing the locations of
the pressure-survey stations is shown in figure 2(b), and the chordwise
orifice locations are given in table II. Two pressure-distribution models
were used in order to include the desired number of orifices, and another
gimilar model was used for the force tests.

In order to determine the local flow direction over the wing upper
surface at angles of attack, small, symmetrical, weathercocking vanes
were installed on a full-span sting-mounted model in the 9-inch super-
sonic tunnel. Figure 3 shows the physical dimensions of the vanes as
well as the vane locations on the wing surface.

TESTS AND PRECISION

The following table shows the range of the tests and the facilities
used during the present investigetion.

Facility M R a Data obtained
6 o o Pressure
1.62 | 2.2 x 10° | 0° to 10 distributions

Lengley 9-inch | 1.62 | 7.2 x 106 | 0° o 10°
supersonic tumnel | § g3 | 5 5 x 106 | 00 to 10°| Pressure
1.93 | 7.2 x 100 | 0° 4o 100 | distributions

Blowdovn jet of | 1.90 | 7.2 x 10° | 0° to 16°| Pressure
the Langley Gas 1.90 [12.6 x lO6 0° to 16° | distributions
Dynamics Branch 1.90 |18.4 x lO6 0° to 16°| and forces

The wing was tested in a blowdown Jjet with and without a boundary-
layer scoop. Force data and pressure distributions indicated practically
no differences in the aerodynamic characteristics of the wing as deter-
mined by the two methods of testing. (See appendix.) The data presented
for the wing, therefore, are the results obtained from the wall-mounted
model with no tumnel boundary-layer scoop.

The turbulence level in the Langley 9-inch supersonic tunnel is known
to be reletively low (ref. 2) and extensive laminar boundary layers are
found under some conditions. In the blowdown Jjet, however, the turbulence
level is unknown but 1s believed to be relatively high; this level proba-
bly resulits in the model boundary layers being largely turbulent for all
test Reynolds numbers in this facllity.
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In order to understand better the direction of air flow over the wing
surface, small vanes were installed at 16 different locations on the full-
span model in the Langley 9-inch supersonic tunnel. The vanes were so
located on the wing during each run that no interference effects between
vanes were possible.

The angles through which the vanes were turned at each wing angle of
attack were read by means of a cathetometer mounted outside of the tunnel.
The accuracy of measurement of the indicated flow angles is estimated at

o
i% . Additional information on the direction of flow in the boundary
layer was obtained by an ink-flow method. Ink was allowed to issue from
the wing surface through static orifices located in the wing, and the
path of the ink taken in the boundary leyer was photographed.

The estimated probable errors in the aerodynamic coefficients are as
follows:

2.2 % 109 | +0.0050 | —comcom | cmccoon | oo | oo
7.2 x 100 | +0.0015 | +0.0020 | +0.0006 | +0.0006 | +0.0002
12.6 x 10° | +0.00%0 | *0.0010 | +0.0003 | *0.0003 | +0.0001
18.4 x 108 | +0.0020 | +0.0020 | +0.0003 | +0.0003 | +0.0001

Calibration of the tunnel shows the Mach number to be 1.62 * 0.01
end 1.93 t 0.015. PFor the blowdown jet the Mach number was 1.90 £ 0.015.
The probable error in angle of attack in referencing the models was *0.07°
with respect to the tunnel center line and t0.03° in relative angle of
attack.

RESULTS AND DISCUSSION

Force Data

The force data were obtained only with the semispan model in the
blowdown jet at M = 1.90. Data are presented in figure 4 at Reynolds

numbers of 7.2 X 10% and 18.4 x 100 based on the mean aerodynamic chord.

Force data taken at a R = 12.6 X lO6 were the same as those obtained at
R = 18.k x 100 and, therefore, are not presented.
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Lift.- No significant effects within the experimental accuracy can
be noted on the 1lift throughout the range of Reynolds numbers tested.
The lift-curve slope is linear up to ebout an angle of attack of 8% where
the slope begins to decrease because of separation effects. For the low
angles of attack the slope of the 1lift curve was 0.0290 per degree com-
pared to the value of 0.033 as obtained from theory in reference 3.

Drag.- The only significant change in the drag data with Reynolds
number was a variation of CD in’ A value of Cy i of 0.0094% was

obtained at a Reynolds number of 7.2 X lO6 and decreased to 0.0086 at a

Reynolds number of 18.4 x 10°. Up to about an angle of attack of 8° a
slight decrease in drag coefficient with increasing Reynolds number may
also be noted. It is believed that the wing boundary layer 1s almost
entirely turbulent at the test Reynolds numbers, and a decrease of this
order of magnitude in drag coefficient is to be expected with increasing
Reynolds number.

Integration of the pressure distributions obtained at a Reynolds

number of 18.4 x 106 (fig. 5) gives a value of 0.0051 for the pressure

drag coefficient for this wing. When the pressure drag coefficient is

subtracted from CDmi for the wing mounted on the sidewall, a value
n

of 0.00%5 for the skin-friction coefficient is obtained at a Reynolds

number of 18.4 X 106. For the wing in the presence of the boundary-
layer scoop the skin-friction coefficient was found to be 0.0040. For
a flat plate at the same Reynolds number, reference 4 gives an experi-
mental value of 0.0044 for the turbulent skin-friction coefficient; this
value compares favorably with that obtained for the wing.

Lift-drag ratio.- A value of 7.2 for (L/D)max is obtained at the

highest Reynolds number. This value decreases slightly with decreasing
Reynolds number; this decrease is due in part to the increase in skin
friction obtained at the lower Reynolds numbers.

Pitching moment.- The only discernible Reynolds number effects appear
in the pitching moment although even these are small. Figure L4 shows that
at the higher angles of attack the center of pressure of the wing moves
forward slightly with increasing Reynolds number. The shift amounts to a
forward movement of the center of pressure of about only 1 percent of the
mean aerodynemic chord at an angle of attack of 16°. The reversal in slope
in the moment curve at about an angle of attack of 8° coincides with the
point at which the lift-curve slope begins to decrease.

Leading-edge suction.- The linearized theory predicts that a suction
force is developed on round-nose sairfoils at supersonic speeds when the
leading edge of the airfoil is swept behind the Mach cone. When the value
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of the drag-rise factor ACIy@LQ is less than the reciprocal of the

lift-curve slope, a suction force is developed which indicates that the
resultant 1ift vector is tilted forward. Experimentally, a decrease in
skin friction with increasing angle of attack would also show the same
effect. Since 1t is not possible to lsolate completely the skin-friction
effects on the drag-rise factor, the concept of leading-edge suctlon
should be used only as a convenient method of comparing the relative
merits of different wings.

Figure 6 shows the experimental variation of ACp with CL2 as

well as the theoretlcal curve assuming the wing to be developlng full
leading-edge suction. Only about 15 percent of the theoretical suction
force was indicated. Although the data are not shown, a change in Reynolds

number from 7.2 X lO6 to 18.4 x 106~had no effect on the leading-edge
suction for this wing. Figure 7 is presented in order to show more clearly
the little drag relief that was obtained. The theoretical chord-force
coefficient, assuming the wing to be developing full leading-edge suction,
wes calculated by the method of reference 2 by using the theoretical lift-
curve slope for the wing. The theoretical curve 1f extended indicates
that the wing would actually have a negative value of chord-force coef-
ficlent at an angle of attack above 50 if full suction were attained.
Actually, of course, the leading-edge-suction force is limited to some
value of pressure close to vacuum acting on a smell area along the leading
edge. The experimental curve does show a decrease in C, but it is

nowhere near the order predicted by theory.
FLOW STUDIES

An examination of the pressure date indicated that the character of
the flow over the wing is, in general, the seme at M = 1.6 and 1.9 as
it was at M = 2.41 (ref. 1). Pressure discontinuities on the wing upper
surface show that standing shock waves exist at each of the test Mach num-
bers. For example, figure 8 shows the spanwise variation of upper-surface
pressure coefficients at the 90-percent root-chord station for a wing
angle of attack of 10° at M = 1.9. The data at each Reynolds number
indicate that a separated region exists near the leading edge and is fol-
lowed by an abrupt change in pressure which usually denotes the presence
of a shock wave. From additional spanwise pressure plots, the shock wave
was found to lie along a ray through the wing apex.

A flow-direction survey was made Jjust gbove the wing surface by means
of weathercocking vanes placed on the full-span wing. In addition, the
flow direction in the boundary layer was observed by means of an ink-flow
technique. From the results of the vane survey, it was found that outboard
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of the shock wave lying along a ray through the wing apex the flow was
toward the root chord, whereas, behind the shock wave, the flow was
approximately parallel to the root chord. Figure 9 shows some results
of the flow-direction survey made at the TO-percent root chord station.
At M=1.62 and M= 1.93, the local flow angles increased with
increasing angle of attack. It should be noted that the abrupt change
in the indicated flow angles occurs at the location of the shock wave
on the wing surface as determined from the pressure distributions. Com-
plete results of the vane survey are presented in table I.

The flow direction 1n the boundary leyer was observed at M = 1.93
in the Langley 9-inch supersonic tunnel over an angle-of-attack range as

the Reynolds number varied from 1.3 x 105 to 5 x 106. Ink was admitted
at several points on the full-span wing upper surface and the resulting
flow patterns were photographed as the angle of attack and Reynolds num-
ber were varied. Figure 10 shows some results of the ink-flow studies

obtained at a Reynolds number of 1.3 X 106 over an angle-of-attack range.
With the wing at an angle of attack of 0° the ink flowed approximstely
parallel to the stream direction, but, as the angle of attack increased,
the ink showed that the boundary-layer flow at the wing surface was turned
outboard and toward the tip. The ink-flow pictures as well as the pres-
sure data show that separation begins at the tip and moves toward the wing
apex with increasing angle of attack. Combining the results of pressure
distributions, vane surveys, and the ink-flow photogrephs led to the con-
clusion that the flow configuration was probably as shown in figure 11.

A lambds shock occurred on the wing with the front leg starting at the
point of laminar separation and the back leg originating along the line

of flow reattachment. Between the two legs of the lambda shock the flow
direction was outboard on the wing surface and inboard a small distance
above the surface. Behind the back leg of the lambda shock the flow Just
above the surface 1s approximately parallel to the stream direction as
shown by the vene survey. Similar wing-shock configurations were photo-
grephed and reported in reference 5.

Pressure data obtained at a Reynolds number of 18.4 x 106 show that
up to an angle of attack of 16° (the limit of the present tests) the back
leg of the lambda shock moves inboard and the leading-edge separation
continues to move toward the wing apex wilth increasing angle of attack.

Figure 12 shows some ink-flow plctures for the wing at an angle of
attack of 2° as the Reynolds number was varied from 1.3 X lO6 to 5 X lO6

at M =1.935. At a Reynolds number of 1.3 X 106, the ink-flow photographs
indicate that separation has started near the tip as evidenced by the ink
flowing along the leading edge. As the Reynolds number is increased the
point of leading-edge separation moves toward the tip until finally the

ink spreads out over the wing surface and then flows in the stream direction

-
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which shows that the flow is no longer separated. The pressure-
distribution datae also indicate that an increase in Reynolds number
delays the leadling-edge separation to a higher angle of attack.

LOADING

It has been shown that an increase in test Reynolds number changes
the flow over the wing. It will, therefore, be of interest to determine
the effect that Reynolds number has on the wing loading coefficients.
Only representative data which show the effects of Reynolds number are
plotted in this paper. Complete pressure data for the wing at M = 1.62
and M = 1.9 are presented in tables II and III.

Figure 13(a) shows the chordwise variation of loading coefficients
for the wing at M = 1.9 and o = 6° for Reynolds numbers of 2.2 X 100

and 18.4 x 106. At the 11.l-percent semispan station there is little
effect of Reynolds number on the loading, but in moving outboard the dis-
tribution and mggnitude of the chordwise loading coefficients change with
Reynolds number. For exsmple, at the T7.7-percent semispan station the
higher Reynolds number tests result in loading coefficients on the order
of 15 to 20 percent higher than those obtalned at a Reyonolds number

of 2.2 X 106. The agreement between experiment and theory is good at
the inboard station, but becomes progressively worse in moving outboard
owing to flow separation which begins at the tip. As a result of flow
separation the loading over the three outboard stations is not linear
with angle of attack. The veriastion in loading at the inboard station,
however, is nearly linear over the entlire test range.

It was found that the greatest changes in loading coefficients
occurred as the Reynolds number was increased from 2.2 X 106 to T.2 X 106.

As the Reynolds number was further increased to 18.4 X lO6 the loading
continued to vary but the changes in loading over that obtained at a

Reynolds number 7.2 X lO6 were small., As the angle of attack increased
above 6° the effects of Reynolds number on the chordwise loading coef-
flcients decreaged. The pressure data indicate that at about an angle
of attack of 14° Reynolds number willl have little effect on the loading
coefficients since the flow has separated over most of the wing even at

a Reynolds number of 18.4 x 106. The pressure-distribution data obtalned

at & Reynolds number of 7.2 X 106 in the Langley 9-inch supersonic tunnel
at angles of attack up to 10° (the 1limit of the tunnel tests) were in good
agreement with those data (not presented) for the wing at the same Reynolds

number in the blowdown Jet.
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As shown by figure 13(b) the same genersl changes in wing loading
occurred with Reynolds mumber at M = 1.62 as occurred at M = 1.9,

Even though the highest test Reynolds number at M = 1.62 was 7.2 X lO6
it is believed that the loading coefficients presented are approximately
the same as would be obtalned at higher Reynolds numbers since at M = 1.9

and M = 2.41 an incresse in Reynolds number sbove 7.2 x 100 had little
effect on the wing loading coefficients.

Figure 13 illustrated that Reynolds number had significant effects
on the distribution and meagnitude of chordwlse loading coefficients. It
is important, then, to exsmine the effects of Reynolds number on the
gpanwise loading which was obtained from the integrated pressure distri-
butions at each chordwise station.

Figure 14(a) shows the varistion in experimental loading across the
span for the wing at angles of attack of 6°, 10°, and 16° at M = 1.9.
It may be seen that the effects of Reynolds number on the spanwise loading
are small. At an angle of attack of 6°, for example, the integrated data

obtained at a Reynolds number of 18.4 X lO6 result in a 1ift coefficient
approximately 4 percent higher than the 1ift coefficient obtained at a

Reynolds number of 2.2 X 106. The experimentel data and theory show good
agreement at an angle of attack of 6°. As the angle of attack increases
to 16° the shape of the span-loeding curve changes from near elliptical
to approximately a triangular distribution. Figure 14(b) shows that the
span loedings at M = 1.62 also follow the same trends.

CONCLUSIONS

From the experimentsl investigation to determine the effects of
Reynolds number on the aerodynemic characteristics of a delta wing the
following conclusions may be drawn:

1. Over an angle-of-attack range of 0° to 16° at Mach number 1.90
the only significant effect of a Reynolds number change from T.2 X 106

to 18.4 x 106 on the measured force data was to decrease the wing minimum
drag coefficient about 8 percent.

2. At Mach number 1.90, there was no effect of a Reynolds number

increase from 7.2 X lO6 to 18.4 x 106 on the amount of leading-edge suc-
tion developed by the wing which was approximately 15 percent of the
theoretical value.
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3. At Mach numbers 1.62 and 1.9, a large increase in Reynolds num-
ber definltely affected the magnitude and distribution of chordwise
loading but had little effect on the resultant spanwise loading.

4., The shape of the spanwise loading curve varied from elliptical
at the low angles of attack to more nearly triangular at the higher angles.

5. With the semispen wing mounted directly to the tunnel side wall
at Mach numbers 1.90 and 2.41, the wing aerodynamic characteristics were
the same as those obtalned with the wing tested in the presence of a

tunnel boundary-layer scoop for Reynolds numbers of 12.6 X 106 and 18.4 x 106.

Langley Aeronautical Laboratory,
Nationael Advisory Committee for Aeronsutics,
Langley Field, Va., August 25, 1953.

oo



P ————

NACA RM 153108 SGARE TRNT AL — 13

APPENDIX

The use of a boundary-layer scoop exhausting to the atmosphere pre-
sents severel problems. For example, the scoop will not start at low
stagnation pressure which, of course, means that low Reynolds number
tests cannot be made. In addition, a disturbance which is not always
easlly eliminsted originates from the scoop—tunnel-wall Juncture. It
would be desirable and convenient, therefore, to conduct tests at super-
sonlc speeds without a boundary-layer scoop if the test results would
not be adversely affected.

During the present investigation, the effects of testing a 68.4°
delta wing with and without a boundary-layer scoop were determined. The
ratio of the tunnel boundary-layer thlickness to wing semispan was aboutbt
1/10 when the wing was tested without the boundary-leyer scoop.

Force test.- Figure 15 shows force data obteined at M = 1,90 and
M = 2.kT for the wing tested with and without a boundary-layer scoop.
Up to an angle of attack of 16° (the limit of the present tests), the only
significant effect on the measured force coefficients of testing the wing
mounted directly to the side wall was to lower the minimum drag coeffi-
cilent approximately 3 to 5 percent. A smell decrease in drag coefficlent
1s to be expected since part of the wing was lmmersed in the tunnel boundary
layer. At M = 2.41 there was a slight rearward shift in the wing centep-
of -pressure location when the wing was tested without a boundary-layer
scoop in place. At an angle of attack of 16° the rearward center-of -pressure
shift was about 1 percent of the mean aerodynemic chord.

Pressure data.- For the no-scoop condition, if the tunnel boundary
layer were to influence the pressure distribution over the wing, the
pressures at the inboard stations would be most affected. Figure 16
presents representative plots of pressure coefficlents at the 11.1-

percent semispan station for M = 1.9 and a Reynolds number of 18.k4 X 106.
Figure 16 shows that the pressure data obtained by the two methods of
testing are the same. The agreement shown at the inboard station is
typical of the pressure distributions at the other spanwise stations

over the test angle-of-attack range of 0° to 16°.

Figure 17 shows some typlcal pressure distributions at M = 2.41
for the li.l-percent and 33%.3-percent semispan stations. At the 11.1-
percent semispan station the pressures show some dlsagreement over the
forward 40 percent of the airfoil between the two methods of testing.
At angles of attack, the scoop tests result in slightly higher negative
pressures on the upper surface than do the no-scoop tests. The trends,
which occurred et o = 80, continued to the higher angles of attack, but
the agreement was somewhat ilmproved at the higher angles.
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At the 33.3-percent semispan station the pressures obtalned show
good agreement over. the forward 60 percent of the airfoil at o = O°,
but over the remainder of the alrfoil the scoop tests again result in
higher negative pressures than those pressures obtained without the
boundary-layer scoop. When the angle of attack is increased to 8°, no
differences in the pressure distributions are noticeable. The pressures
obtalned at the 55.5-percent and the 77.7-percent semispan stations were
tge samzofor both methods of testing over the angle-of-attack range of
0% to 16~.

It may be seen, therefore, that the no-scoop tests result in local
decreages in lifting pressures on the order to 5 percent below the pres-
sures obtalned with a scoop-mounted model. The local reductions in 1lift
are also agpparent in the force data which indicated a slight rearward
shift in the center of pressure for the no-scoop tests.

The results of the present tests indicate that, when testing highly
sweptback wings at Mach numbers of about 2 and Reynolds numbers of 12 X 106,
if the retio of tunnel-boundary-layer thickness to wing semispan is of
the order of l/lO, correct over-all aerodynemic characteristics can be
obtained by mounting the model directly to the tunnel sidewall. Local
lifting pressures over inboard statlons, however, can be in error approx-
Imately 5 percent at low angles of attack.
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TABLE I

MEASURED LOCAL FLOW ARGLES

[A11 angles in degrees]

M= 1.62, R = Lk x 105

M=1.95, R=1.3x 105
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NACA RM 153108 19
TABLE 1I. -~ EXPERIMENTAL PRESSURE COEFFICIENTS = Continued
i H - 1093
R= 7.2 x 106
Station a =0° a=2° o= ho a=6° a=8® a = 10°
¥ 5 =1 % c o c, c c c c c c c
/2 o Py 1 w P, Pu 1% Pu Pl Py pl
0 0.193 | 0,182 | 0,194 | 0,159 | 0,175 | 0,129 | 0.151 § 0.09L | 0.069| 0.068 | 0.075
3.8 «05L +C20 095 | -.019 133 | -.057 167 | =.103 19| -.155 .22l
7.3 017 .008 070 | -.025 <104 | ~.053 137 | -.089 JA78 | -.117 219
10.6 «C10 | - 040 | -,038 072 | ~.062 2105 | -.090 JAh6) =113 .18
.2 006 § ~-.020 .03, | .0 06 | =.062 100 | -.086 2138 -.105 176
17.5 00 | -. #029 | =.0Lo 058 | ~.059 089 | -.082 JA2h | -.102 «159
2102 —.C02 -0023 0022 -ocq-tB oohe -0063 0077 -n083 .108 e om
2he7 | -.C0L | ~.02h oC2L | =043 L9 | -.061 077 | =081 031 -.100 <12
28.2 - “0025 020 -.G.Ill ooll.9 "00& 0072 "'0082 old-& "0100 5138
3107 ~+CO7 -.027 0018 "00117 OOJ-I-O "00&1 0068 -0036 +100 -.101 -138
O.m 38.2 "0017 "o036 .018 -0057 00’40 -0082 -056 ‘0091 .088 -0108 0135
h3'7 "'0023 ‘cdlB .002 "0063 ~021 "'.076 00,47 ‘0097 0077 "'m olw
11902 "'0026 "oohs .003 "0065 .019 "oceo tdlll "0097 .071‘ "0113 01%
55.0 "0036 "'055 "001,4 - '0075 .CXJ6 "0089 +C31 "'0105 0059 '0119 +050
60,7 | =028 }-.0L7 | -.005 | -.068 017 | ~.082 043 | -.098 0721 -.113 #10h
6642 § -.033 f-.,053 § -.011 | -.072 .01 | -.087 o037 | =4102 L0661 =116 098
11.7 "'0037 "'0055 e -.072 006 "0087 032 -+103 00611 -0116 0096
775 | -.Cho P -.060 | =-.007 | -.077 00 | -.092 030 | -,107 0591 =-,121 091
83,2 | =049 §-.067 } -.028 | -.08h | ~« -,098 .018 | -.113 Q31 -.126 075
88,7 | =.0L45 }-~. -.025 §-.082 | -.00h | -.096 022 } -, 0h9 | -.125 .080
9,4'0 -0073 "0085 -005,4 e —'03’-‘ "'0101 "'uoll "'0125 0015 bt oollll
0 0171 .1311 018’4 0072 0168 om? 0132 -.0611 .088 —0098 .Qﬂ
k.8 017 f-.0u6 § J072 f-.120) .118 | -.172 157 | -.239 1971 -.285 | .235
9.2 | =18 }-.062 026 }-.124 07 | -.198 113 | -.258 2157 § =.300 .198
.2 | =033 F-.069 010 §-,11} b8 | -.163 .086 | -.258 J28 1 -.293 168
18,7 | -.033 }~.068 005 | -.109 Ne:I R BEN 076 | -.197 15 ) -.262 .155
23.2 | -.032 }~-.063 .003 | -.098 036 | -.128 069 | =172 106 | =.236 106
28.2 -oohz e ".m -olm 0022 ‘0126 0053 "'0162 0089 -'2311» .126
0.333 | 32.7 | -.043 {-.067 } -.013 }-.096 .07 | =-.120 046 | - J08L | ~.225 0117
ho,2 } =.052 }=-.077 | =.026 }=~.101 L001 | =.122 029 | -.1k3 062 | -,200 <097
47.5 } =.053 [-.076 | ~-.028 [-.099 | ~.002 | ~-.119 .028 | -.136 060§ -,158 093
55.0 } =056 }-=.075 | -.031 }-.096} -.007 | -.128 021 | -.129 0531 -3 087
62.7 '0055 -0076 -0031 ‘0097 ‘.(:07 -om 0019 "0131 - .0’.19 -o135 .082
70,2 | =056 }=,075 § =.032 [-.0961] ~-. -. JOL7 | -.129 LO48§ -.135 .080
7.5 } =056 }=.075 | =032 |=-o097 } =-.008 | -.126 } .017 | -.128 .08 | -,136 0179
85.0 | -.063 }-.081 f -.036 }=-.100 | -.019 | =-.117 .007 | =.133 <039 | ~-.1h2 069
92,5 F =. -.091 | -.049 }-.109 } -.028 | -.12k }-.,006 | -.139 .023 ] -.150 .050
0 2166 +1148 150 087 097 «023 031 § ~-,032 }-.032} -.070 | -,082
7.5 | =023 [-.093 L0l §-.165 «096 { =4220 | .137 | -.28L .81 | -.318 .216
1.2 | -.055 }~.118 «003 }-~.203 .0h9 { =.255 9L | =-.300 #2137 } -.329 179
21.2 | -.073 }|=-.120 | ~.020 }=-.200 #020 | -.267 058 | -.309 <099 | =-.319 a2
25.7 ".07‘-1 -0117 -0029 -0167 -0003 "0265 'dlﬁ ’.310 0086 -.316 9125
0.655 | 35.2 | -.076 [|-.112 } -.038 -.lhﬁ -.002 | ~-,211 <033 | -.282 072 § -.302 A1
ll2.2 ‘0675 -0107 "0038 bt 3 “olJ "'0193 .030 “02117 o066 -e292 oloh
55.0 | -.080 [-.106 } -.0h7 l—.138 -.020 { =,175 .017 { -.238 .051 | -.287 08
66.3 '.071 -'096 "00110 -,1211 "0010 ‘-155 .020 '02311 005,-1 "0287 .089
775 | =073 |=.098 | -.046 [-.123 | -.033 ] -.1h7 010 { -.223 | .ob3 | -.28% | .073
88,7 | -.083 }-.105 | -.059 }-.128} -.035 § =147 }-.00h | -.209 | 025} -.292 .058
0 «119 «098 <08k 017 «020 § -,063 |=-,009 { -.231 {=-.078 ] -.176 |-.136
11.2 '0078 "0161 -,002 ".229 0053 "0273 <102 ".320 o)J-l6 -03)-‘2 .183
22y | -.107 }-a182 | ~.039 [-.258} ..007 | ~-.295 068 | =,330 JA1h | ~.329 .156
33.6 | ~.113 (-.180 | -.05h }=-.265} -.006 | =300 | .038 §-.333 | .082] ~.330 | .121
0,777 | Lhe8 | =238 J~o181 | -.067 |=.266) -.023 | -.305 | .022 §-.335 ] 084§ ~.330 | .103
56,0 | =«110 §-.163 | -.063 |-.25T7 } =-.022 | -.303 019 {-.334 058 1 ~.330 ~096
67.2 | =106 {-.150 | -,063 |-~.,228] ~.023 | -. .01 § -.332 «055 | ~.327 .88
78.4 § =105 §-.146 | -.066 |-.199] -.033 § -.284 | .007 {-.318 | .033% -.324 | .078
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TABLE II. - EXPERIHENTAL PRESSURE COEFFICIENTS - Concluded

Hwl,93
R=2,2x 106
Station a=0° a=2° a=}° a6 a=8° a =10°
Par-|
= c c c c c c c c c c c
b/z Ogﬂt P pu pl p\l pl p‘ll Pl Pu pl pu Pl

o 0.196 | 0,187 }| 0.195 | 0,155 { 0,177 { 0.123 | 0,152 | 0.088 | 0,117 | 0.063 { 0.078
3.8] .056 .021 .% =-.021 #125 § -.056 1571 =.099 #2150 =.1l3 .224

T3l 029 <001 . =029 .093 | -.058 21274 -. #2265 | =.1hl 0204

10,6} .010 { =-.01k .037 | -.040 »073 § =.065 2107 | =.099 oAk | -.120 .18

Um.2f o004 | -.018 031 |~ 062 | =067 0961 =-.092 132 ) -.095 »168

17.5{ .003 | -.020 2029 { -.043 .058 | -.068 L0871 =079 2121 | -.091 .157

2.2 0 =022 025 1 -, 051 | =064 0784 -.07h L1110 | -, Lk

2h,7} .001 | =.021 »,025 | -.0h3 .051 § -,056 0l ~,073 2210 | -,089 <143

28.2} -.001 -.021 .021 '-0112 -0,47 “e 073 '007)4 0105 -.090 -138

31.7§ —-.002 | =.022 2020 | =042 o045 ¢ -.057 071 =076 102 | -,092 »135

0.111 38.2 -.012 ‘0033 .008 e +033 ‘0%6 0059 'owh 0089 'o099 0122

h3.71 =.017 | =.037 #5002 | =,056 } .028 { =.070 .052 | -.088 082 | ~-.104 11
k9.2} -.020 | -.038 0 ~.057 .025 } =.073 U9 1 ~,091 .078 | =,107 J111
55.0 —.026 ‘00116 -,007 -~%3 016 '0078 oohl '0095 0069 -.110 »102
60,7} =.022 | ~. -0 |- 020 | -,075 L0451 ~,093 07 | -.108 .107
66,21 —~.026 | -.045 | -,006 | ~.06L 016 | =,078 Ot ~.097 070 | =211 .103
71.71 =.032 { =052 { -,011 | ~-.069 011 | -.08, .035 | ~.10L 06 | =115 096

77.5{ —.03 | -.052 § ~.013 |-.070 § 009 ] -.086 | .03} ~-.102 | 062} -.218 | .OSh
83.21 —.038 | =.059 | =021 }=-.075 t .002 |-.092 | .025| -,107 { .053 | -.122 | ,085
88.7 —.039 ~.058 =.019 ~:075 ~O0h -~ 092 »026 -.108 055 -.122 .086
9, 0f -.00L | =.078 | =.Qh8 ! -.092 | =.027 } =20 | -.005 ¢ ~.120 #0921 | -.133 »051
0 JA59 1 .25 1,166 1 065 4 .152 | .00l {.121 {-.G68 [|.075 |-.105 [.oh3
ko8 | .01 1-.0h2 08 {-.106 2208 -, JAL8  j-.205 1.187  )-.247 .22k
9.2 {=.01h }-.CA | .027 {-.100 § .06 |-.150 [.109 |-.198 |.251  [-.243 [.192
1.2 ~.029 {~.067 010 {=.2C5 } Jch6 [-.155 [.08L  {-.200 {.125 |-.251 {.167
18.7 |=.030 §-.C6k 005 }-.100 «038 (=270 [.07h {-.221 {.123 |-.254 |.154
ggg -.032 [=.08L | =.002 }-.106 029 [=.166 [.08) ~e219 .02 -.255 {.136

-.036 1-.065 ~.007 }-.105 022 |-, 056 |-.206 {.091 }-.252 l.13%0
0.333 | 32.7 |~.039 j-.066 | -.010 {-.102 016 (=10 }.048 |-.175 {.085 [-.2h0 {.120
ho.2 J~.047 i-.072 | -,020 }-.091 | 009 |-.103 {.038 {-.136 {.068 |~.218 {.102
k7.5 |-.04S {-.072 | -.18 |[-.085 005 {-.305 }{.034 |-.125 {.065 |-.181 }.100
55.0 [=.045 =071 | ~.022 {~.086 0 -.106 1,028 [-,123 [.060 |-.247 {.093
62,7 |=sCh7 1-.066 | -.023 }-.087 j-.002 |-.204 }.02h }-.221 }.056 {-,130 {.088

85.0 | -. =073 { =034 {-.092 {-.012 {-.109 }.017 -.125 }.043 -.ES 073
92.5 [=.060 }-.077 | =037 }-.098 ;-.013 }-.103 {.c07 |-.,130 |.033 {-.140 }.04]

0 | .61 | .| (ko | .085 | .087 | .028 {.026 |-.038 {.051 |-.077 }.086
7.5 | =.021 1=,089 QU1 (=259 | L088 }-.205 }.132 [-.271 [.172 }-.279 |.212
1,2 =054 }-.115 | =.001 |-.1T1 .Oolly £-.220 |.089 -.258 }.134 ~-.278 }.179
21,2 [=s069 =120 | ~.025 [-.165 | 016 }[~.212 |.060 [-.260 [.1202 |-.280 |.145
28,7 | ~.070 |- | -.028 |-.171 008 }-,220 }.056 |-.266 }.088 |-.285 |.128
0.555 | 35.2 | ~.070 =.1C7 | -.032 }~-.172 002 1-,232 {.038 |-.270 {.076 }=-.287 |.16
k2.2 | -.073 {[=.112 | -.038 |=-.172 |-.006 {-.231 {.030 {~.273 }.067 |-.290 |.112
55¢0 | =075 }-.108 | ~.Ch) }=-.138 }-.015 }-.206

66,3 | =.070 [=.200 | ~.03h ;-,204 |-.003 {-. 026 |-.28 {.058 |-,282 |.091
77.5 [ =067 }-.092 | -.038 |-.109 |-.015 {-.228 {.C13 ~.229 {0l ~.283 | .083
88.7 { =075 |-.096 | =.052 1-.117 [-.026 [-.132 0 ~-.208 {.027 ~.285 | .060
0 126 095 <09l <019 «029 }=,063 |=-.027 { -.134% {-.079 | - -.118
1.2 -. 152 | =006 | -.226 «053 {-271 100 { -.2%0 Ak | -.297 185
22.h{-.207 |-.178 | =041 |-.237 .016 ]-.260 063 | =.28L +110 } =.297 +154
33.6 | =11y | -,171 | =.056 | -.233 |~ ~-.262 .038 1 -.236 2083 | -.299 »124
0,777 | LB -116 {-.168 | =069 }-.239 |-, -.267 019 | -.286 $061 | -.302 101

56,0 { =s110 | =,168 | «.067 } =.2h2 }|=.025 | -.272 W01 § -,289 .053 | =.304 +093
6702 -.IQh bt -.063 =239 "owl -.279 012 ~,291 0053 -0305 0098
78k | =.106 |-, -,069 | ~.238 |=-.032 |-.275 012 § ~-.291 JOh3 | =.306 082




NACA RM 153108 o1
TABLE IIT., ~ EXPERIMENTAL PRESSURE COEFFICIENTS
M= 1,62
R= 7.2 x 1P
Station a=0" a-zo a=)® a=6° a=8° a = 10°
y Per= | ¢ c c c c c c c c c c
b/2 c:.nt P Py P, Py pl Py P, Py Py Py Py
0 0,210 | 0,193 | 0.201 )} 0,163 | 0.181 | 0.222 } 0.147 | 0,068 | 0,098 { 0.023 | 0.037
3.8 .08 «009 094 | -.029 o13h § ~-. 2168 | -, 0203 | - .239
7.3 .052 .018 .086 | -.017 . -. 263 | -.086 »205 | -.122 o2
10.6 .030 0 .063 | -.031 096 { -.060 JA31 ] =, L168 | -.117 .210
1.2 2025 | -,001 | ,056 | ~.031 .088 ] -.060 121 | -,086 .158 | -.110 +200
17.5 017 ] -.010 048 | -.037 079 § =.062 #2113 | ~.086 b9 | ~a109 .187
21.2 008 | ~,016 038 | -.0l 067 1 -, 099 | ~,087 .135 | -,108 7L
2k.7 008 | =015 «037 § -.0h0 066 | -.061 .098 | -,084 «133 } -,105 71
28.2 006 § ~,018 .033 § ~-.0 062 § =062 4093 | ~.084 128 | -.105 166
31.7 003 | -.021 1 .02% | -. 057 § -.063 087 | -.086 | .120 | ~.107 .157
0,111 38,2 | -.009 }-.031 016 | ~,053 043 | -.073 072 | -.09h .106 | -.11h o142
43.7 | -.014 {-.036 012 } -.058 .039 { -.078 J067 | =, .100 | -.118 .
15;2.2 ~.0L7 } ~.039 .008 § -,0600 £035 | =079 | 063 | =.099 .095 | -.118 129
.0
60,7 | =.021 {-.042 005 ) ~-.063 .031 | -.081 <060 | =099 093 | -.116 .125
6642 | =,029 {-,050 | =.004 | -.07L§ . ~.089 2050 | =4207 L081 | -.125 { .117
7.7 | =.036 }-.057 | =013 | -.076 013 | -.093 Ll | -1 072 | -.128 106
77.5 } -.043 {-.063 } -.021 } -,082 . - L031 | -.117 .063 | -.134 .097
83.2 | -.061 |-.080 §{ -,040 | -,098 | -.017 | -. 010 | ~131 00 § -.147 .073
88.7 | -.056 | -.075 | -.033 { =.093 | ~. -.110 .020 | ~,128 .053 § .43 .092
940 | -.089 {~.103 § -.072 § =118 | «.052 } ~.133 | -.024 | <.149 . -.163 .052
0 olBll- 0135 0192 001!1, 0157 '0067 100 "0152 oohz e hat)
4.8 021 | -,035 082 { -.128 o131 | ~.2h9 A7k | ~.343 21 | -8 .252
9.2 | =012 }-,065 041 | =131 .089 | -.188 2130 | ~.328 a7 ) -.399 .219
.2 §-. -.069 021 § =-.122 . -.165 2107 | ~.328 .150 | -.362 193
18.7 | -.021 }-.061 .020 | ~-.103 «285 | -1k 099 | -.223 140 | -.332 .183
23,2 | =-.020 {-.056 017 | -.093 054 [ -.126 | .091 | -.181 2130 | -.277 LA72
28.2 | -.033 {-.06L L001 | -.097 .036 | -.127 070 | -, 2108 | -.191 Lo
0-333 32.7 "0035 e "0003 "00911 -030 e 0065 ~e <101 -.130 .
Lho.2 ) -,047 {-.07h } -.017 {-.101 . ~.126 2050 | =.148 .08y | -.155 123
h?os "00!4‘6 "'0070 "'0017 ".095 coll.l -ou7 QGJB ‘0151 -076 -clhs ollh
55,0 } =048 l-,07L | -.021 | -.096 ] .007 | -. J0u6 | -3k 079 | =.150 2116
62.7 | =049 §=.070 } =024 | -.052 00y |-, .03L | -.13k 006 | -.249 .10
702 | -. -.076 }-,030 | -,098 { -.003 §-.117 026 | =, #055 | -.152 091
77.5 | =.060 [-. -.037 { -.201 { =.010 }~.119 017 | =240 .050 } -,153 .
8500 "-075 -.093 "'0053 bt ] -°026 "013,-1 .wh ‘015]4 o033 -'167 0067
92,5 } -.088 }-.108 |-,063 {~-.127 § ~.0LO | -.1hly [-.008 | -.162 02 | -a7h .070
0 171 134 o1k 040 «05L b =.061 [-.050 |~-.135 }|-.239 |-. -.200
7.5 -.01y |=-.105 060 | -.233 116 [ ~.320 162 | =426 202 { =135 «237
1’.102 ".d.le ~e 0015 -0211 4068 "'03)411 0116 -.h20 .1&) -.1-126 .202
21,2 }=-.,063 }-.117 | -.012 | -,183 «038 §-.273 #083 | =o39h 127 | -.h07 #1568
28.7 "0065 —blw -0020 "0160 '023 -0215 .0& ‘.352 9107 -0383 olhe
00555 35~2 "0069 -.110 hat "0153 011 =192 0051 ‘o3h2 09 "-380 -lho
L2.2 |-.011 |-.206 } -,032 {~. 012 § =177 052 | =-,325 .089 { =.387 127
SS»O "-079 "0105 ’n055 '0137 "ow9 -tl67 022 -.2140 0%1 'ohd-l -099
66,3 |} =070 }=.100 [ =00 | -,129 | -.010 } =149 +021 | -.13L .057 §-.381 .087
77.5 }~-.086 |-. - =239 | ~.029 | =159 [-.005 |-. J0l2 | -.36L .083
88,7 f{-.102 }|-. ~-.073 | =153 § =.039 §-.174 |- -.180 .023 | -.286 .058
0 -132 0083 0%5 '0057 "'oal6 =177 ‘0125 ".26!-& -,191 "-323 "02'42
12,2 | =.203 |-.219 | -,001 | -.345 K - A3 -.h83 . =8 219
22,4 }-.115 }-.220 { -,032 | -.368 «025 | -.Uu33 073 ] =167 . -.i05 JaSh
3306 -,119 ‘01-97 "058 '0353 'oma -J-Bh 0036 ‘oh&l 0080 -0383 o122
00777 hhna -.129 "018'6 "-078 ".271 -0027 -ohzh tolll -.ll53 .080 "'0391 -CDB
6640 | =126 {=,167 | =0Tk | =229 { ~.026 { -,351 O §-.431 { .080 {-.397 101
67.2 | =219 }~.16L { =e072 | =4210 § -.029 § -.325 015 | =.l425 059 { =.h02 .107
8. | -.125 }-,165 { -.083 | =.206 { -.039 }-.324 .003 | -.h20 »0l -.4o8 .085
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TAHLE I1I, ~ EXPERIMENTAL PRESSURE COEFFICIENTS - Concluded

M = 1.62
R =24 x 106
Station a = 09 a=2° a =} a = &° a = 8° aw10°
y z;‘; c c c c c , c ‘C c c ¢
b/2 Pt P P P, Py Py u P, Pa P, Py P;

) 0.201 |0.187 | 0.190 | 0.156 | 0.172 { 0.116 | 0.137 | 0.068 | 0.091 | 0.920 | 0.036
3.8 ~Oh8 «009 .08 | -,027 125 | -.065 «160 | =114 1956 | -.178 .233
7.3 | 035 | .002 <066 | -,033 2106 | -. A5 | -0} .189 | -.133 .232
10.6 | 019 |=-.011} JOU6| -.0h2 08 1 -.om1| 1194 -.200{ L1256 | -.126 | L196
Ol | -.045 .081 | =071 JU | ~-.089 +151 | =,109 187
17 05 0w9 -e019 0037 -~oh7 .071 '0%8 0103 -00811 0139 -.108 0178
21,2 | .008 [-.022 | 032 -.2h7] .084 | -.063 .095 | -,083 #2130 | =206 | 168
2h.7 008 |-.020 031 | =.CQh3 . -, 060 092 | =,080 o126 | -.104 +163
28,2 { 005 |-.019 027 =01 | 057§ =060 | .086] -.080{ .121 | -.103 »158
31.7 002 | =-.022 023 § -.0lly 053 | =.062 .083 | ~.084 115 | =106 2151
0,111 38.2 -.(m -0030 00111 -0053 ooho -0071 0070 -0091 «102 -0113 0137
43,7 | =014 |=-.037 .008 | -.058 .035 | -.077 063 | -.096] .095 | -.118 »130
ls;g.z -,017 |~.038 00 | -060 | 032 | -.078 .061 | -.098 092 | -.119 .125
.0
60,7 | =020 {-.042 | -.0001 | -.062 .027 | -.082 W055 | ~.102 087 | =122 | 121
66,2 | =4026 [=.0U6 | =.007 | ~.068 021 |. -,086 049 | =-.107 2081 | =-.126 L115
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Figure 1.- M = 1.90 blowdown Jet.
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Figure 2.- Spanwise variation of meximum thickness ratio and location of
pressure-survey stations.




NACA RM 153108 25

Vane Vane location
¥ no. x/c, y/c,

T | 0.300 0.035

2 .300 .068

3 .300 -100

4 .500 .055

y x 5 500 d13

6 .500 070

7 .700 .078

8 .700 105

9 .700 .128

10 .700 .158

1 .700 -180

12 .700 .208

13 .700 .235

14 .900 100

15 .900 .200

16 .900 300

.074%0—«‘<>-
T J— .250—*'
S I

Wing surface
7777777777777

Weather cocking vane




26 rfm NACA RM L53I08
s 1

50
P
0 OR=184x108 el
; OR=72 x10® e
Theory | | CL
30 P -
L~ /: : 3
O
-~ =
s . //}/»' S
= A°A -
1) P [~
[=] . @
) o4 5
;_: P c £
| ?g\//c M l':c»
£
OJ V\.‘—c"ﬁ/-\ CQ;CLA'\A/‘ A" L4 i —_sgo g
P
-
o5
=10,
g
=20
16 8
|4§sk(> e X 7
) 3 (0] ]
K /4 NEZ A

N / /

. 10 ]) T \\ 5 2

£ 17 -

§ 08 \ / ' /v WS\ N i

g 06 . £ / >3 -
.04 \ / q o 2

\/ - &
02 j 4/@/ |
£%°< _J{T’<ﬁv<r, ~JNACA
I

O 2 ) 2 4 5 ] i7:3 !
a, deg
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Figure 9.- Measured local flow angles at 0.70c, station. R = 1.3 X 106.
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Figure 10.- Ink-flow studies of boundary-layer flow on wing upper surface.
Angle-of-attack effects; R = 1.3 X 106; M=1.93.
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Figure 11.- Pictorial sketch of flow over the wing upper surface at
moderate angles of attack. M = 1.90.
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Figure 15.- Variation of wing aerodynamic characteristics with angle of
attack showing the effects of testing with and without a boundary-
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